Computers are less able to respond to human emotion during communicating to user. This study was to find to the systemic model of computer responsive to affective communication from the user using physiological parameters such as EEG(Electroencephalogram), HRV(Heart rate variability) and EDA(Electrodermal activity). 26 university students were exposed emotional stimuli and their physiological measures were determined for evaluating four emotions based on 2 dimensions: valence level and arousal level. The system model was defined for emotion computer imbedded by on-line evaluation and response process of user's emotion. The results of this study showed feasibility of constructing the interactive systemic model of computer for affective communication to users.
Introduction HCI(human computer interaction) has been developed for communicating effectively and easily between a human and a computer. However, a user's response or emotion is ignored during computer work although he/she wants a computer as if it were human. Since a computer does not act in accordance with a user's response or emotion, the interface may constitute a critical factor in HCI (Saarni, 1997) . It has been empirically demonstrated that human emotions play an essential role in decision-making, perception, learning, and a variety of other cognitive functions. A number of studies in social and cognitive psychology have investigated the effects of emotions on simple and complex tasks ( Isen, 1990) .
That is, users need to deal with any emotion that may arise over the performance of computer work. There are a number of coping strategies under aversive emotion - (1) problem solving, (2) support-seeking (including seeking help, comfort, and social approval), (3) distancing or avoidance, (4) internalization (e.g., hopelessness, self-deprecation) and (5) externalization (e.g., aggressive acting out). Users may opt for the distancing/ avoidance strategy against emotionless computers (Saarni, 1997; Lazarus, 1990: p.5 ). Unfortunately, however, empirical studies have been very scant on this issue. A noticeable research is now underway at MIT. Picard (1997) at the MIT Multimedia Lab is challenging the issue of emotional computers (affective computing) to which emotion can be fed as a factor of adjusting computing environment. The rationale of her research is based on the empirical evidence that human emotion plays an essential role in rational decision making, perception, learning, and a variety of other cognitive functions (Isen, 1990; Lazarus, 1990) . Affective computers aim to be able to comfort people by allowing such affective capability of computers as understanding users' emotion and passing this information in communicating with computers. It should be, however, noted that the accurate evaluation of human emotion is essential and the technique has not reached the level of maturity (e.g., physiological detection of human emotion). The issue of using physiological data to control external devices such as computers has been explored by a number of researchers (Kalcher et al., 1996; Keirn & Aunon, 1990; Pfurtscheller et al., 1996; Wolpow et al., 1991; Wolpow & Mcfarland, 1994) . In their research, subjects were asked to imagine cursor movement to the directions they want it to move and their brain waves were automatically transformed to cursor movement on the computer screen. The accuracy of cursor movement through brain waves appears to be far from practicality of such efforts.
There has been very scarce research as to the development of computer interfaces being adaptive to human emotion. Furthermore, little is known about what emotional experience people would have in the course of using computers and its effect on task performance. It may be due to the fact that the notion of emotional computers is at the very initial stage and requires interdisciplinary efforts from computer science, psychophysiology, cognitive science, biomedical engineering and decision science. Considering that as discussed earlier, emotion is inseparable from cognition (Lazarus, 1990) , research on emotional computers is now urgently required. Given the empirical evidence that suggests the effect of emotion on cognitive tasks, a fundamental and crucial research question would be `what aids should be provided for people to deal better with emotion without affecting task efficiency.' We discuss the notion of emotional computers and a number of research questions are raised in this section.
Emotional computers are designed to behave somewhat differently from the way ordinary computers do. They continuously examine the emotional state of the users and appropriately trigger some actions that can mitigate the negativity of emotion and restore it to a good one. Such adaptability of emotional computers would necessitate automatic detection of emotional changes and this certainly requires constant monitoring of biological data. It is expected that emotional computers with such adaptability would possibly contribute to more comfortable engagement in computer tasks over a prolonged session and thus, to improved task productivity. For this, it is proposed that the emotional computer be equipped with some additional functional components. Firstly, in contrast to ordinary computers that we are currently using, emotional computers require some apparatus to measure physiological data from which human emotion is assessed. Depending upon the types of human emotion, various physiological data may be employed. For example, the EEG may be useful in determining the intensity of negativity of human emotion (Davidson & Fox, 1982) , whereas the GSR and the ECG data may be used as an indicator that informs of the arousal level of emotion. Secondly, the adaptive nature of emotional computers entails the automatic detection of any changes in human emotion. It is crucial and imperative for emotional computers to be equipped with a pool of algorithms that could extract the patterns and signals contained in the physiological data. Lastly, emotional computers should provide more intelligent user interfaces that are adaptive to the changes of human emotion. Surely the adaptive nature of user interfaces would bring in such technical complexities as knowledge base, data base, object-oriented interface and intelligent agents among others.
This study is to find out some physiological parameters for on-line processing of emotion evaluation and systemic model for affective communication between a user and a computer.
Method Emotion Model
Two-dimensional model of emotion was adopted in this study. Larson and Diener (1992) argued that there are two distinct levels of human emotion -valence and arousal. These two constructs can be mixed together to show eight different states of human emotion as shown in Figure 1 . It is argued in this study that human may show different physiological responses in relation to the four quadrants made up by pleasantness vs. unpleasantness (valence axis) and arousal vs. relaxation(arousal axis). Figure 1 . Two-dimensional model of emotion (Larson &Diener, 1992) . Subjects 26 undergraduates aged 21 on average participated in this study. They did not report any medical problems in hearing and sensing required to complete the experiment of this study. They were also provided monetary incentives.
Emotion Induction
Stimuli to evoke two dimensional emotion in this study were of olfactory and auditory compound. Initially, we pretested 12 stimuli (half olfactory & half auditory stimuli) that appears to induce the emotion of this study. Each stimulus was presented to the participant for 60 seconds. In order to minimize the lasting effect of the stimuli, the participants were asked to take a rest of 30 seconds after the exposure to emotional stimuli. Then the participants were asked to rate their subjective emotion on an 11 point Likert scale (-5 to +5). Some of the stimuli used in the pre-test that showed high correlations with the two-dimensional emotion were selected to be used in the main experiment. They were (1) pendi and (2) Systems that are capable of affective communication will be designed to behave somewhat differently from "ordinary" computers . They will continuously examine the user's emotional state and adapt the user interface appropriately. Such an adaptability of emotional computers requires an automated detection of emotional changes. This can be achieved by monitoring physiological data continuously. It is proposed that the "emotional computer" be equipped with some additional functional components. First, in contrast to computers currently in use, emotional computers require additional hardware to measure psychophysiological for assessing emotions. Second, the adaptive nature of the emotional computer entails the automatic detection of any change in human emotions. It is crucial and imperative for emotional computers to be equipped with a pool of algorithms that can extract the patterns and signals contained in the psychophysiological data. Finally, emotional computers should provide more intelligent user interfaces that are adaptive to the changes of human emotions. Surely the adaptive nature of user interfaces would bring in such technical complexities as knowledge base, database, adaptive interface and intelligent agents among others. We suggest these functional components be combined in a systemic model for affective computing as shown in Figure 2 .
Result and Discussion
The results of t-tests revealed a number of physiological parameters that could differentiate significantly (p<0.05) between two-dimensional emotions as shown in Table 2 . As shown in Table 2 , six pair comparisons were performed for both the emotions that existed on a single dimension (i.e., pleasantness vs. unpleasantness & relaxation vs. arousal) and the emotions that ran across the states (e.g., pleasantnessarousal vs. unpleasantness-relaxation).
Initial used in first row and column as shown in Table 2 represented its emotion so that p pleasantness, u unpleasantness, a arousal, and r relaxation. We found a number of parameters that may be useful to discriminate different states of human emotion. It should be, however, noted that many of these parameters were found to be significant only with two dimensional emotion. Thus, the parameters that appeared to significantly discriminate two completely different emotions such as pleasantness-arousal vs. unpleasantness-relaxation were obtained from EEG, GSR, and ECG while the ones discriminating unpleasantness-arousal vs. pleasantnessrelaxation were only from ECG. pleasantness-arousal, could be classified by parameters of both EEG and autonomic nervous system (GSR, ECG). This suggests that parameters from autonomic nervous system may be employed to differentiate some opposite types of human emotions. The distinctive feature of emotional computers is its adaptiveness of user interfaces, which plays a role to differentiate them from the ordinary computers. Most pertinent questions of user interface would be `what influences does human emotion bear on the performance of computer tasks? and what aids should be provided to let users stay with their comfortable feelings?' We proposed in this study the theoretical framework of emotional computers. They may consist of three functional components of (1) physiological measurement, (2) pre-processing and (3) user interfaces. In relation to this theoretical framework, a number of research issues were raised. Firstly, the adaptive nature of emotional computers assumes their actions in good tune with the subjective emotion of users. Such adaptability is to a great extent trusted to the signal processors of emotional computers. Thus, research should be made to determine under what conditions mathematical models performs robustly. Secondly, the apparatus to be affixed to human body should be kept to a minimum and thus, unobtrusive to users. The device may include some sensors and transmission systems that are required to measure and transfer the physiological data. Lastly, user interfaces should also be designed to provide appropriate actions to alleviate the uncomfortable feelings of users that may occur in the course of using computers. It should be noted that too much care of unstable emotion may lead to irritation. Thus, in addition to constant monitoring of physiological emotion, the subjective and behavioral state of emotion should be collected to keep track of the appropriateness of the adaptive behavior of user interfaces. Given the growing interests in emotion and its application into computing environment (Picard, 1997) and the principle of user-centered design in user interfaces, appropriate attention should be paid to research on emotional computers.
Sensors, which should be designed to be wearable and comfortable with a minimal burden from their attachment, will be used to continuously measure the user's physiological signals. The physiological signals will be amplified, filtered, and digitized by a data acquisition system designed as small and light as possible. It should be easy to embed the data acquisition in the computer mainboard or in a mobile computer system, PDA, web PAD, cell phone, etc. Wireless data communication is recommended between sensors and the data acquisition board. Also, automatic noise detection and removal should be performed according to pre-defined specific algorithms. The pre-treated signals will be processed in order to extract appropriate physiological parameters that will be qualitatively normalized based on a defined state of emotional neutrality. These normalized data will be referred to a special algorithm or rulebase for evaluating the user's current emotional state. Both measured and processed data are stored in the database, which can potentially upgrade the algorithm or rulebase. Since the subjective report plays a central role in determining the qualitative aspects of any emotion, it will be necessary to confirm the emotion evaluated by the computer by recording the user's subjective emotional state during a data acquisition phase and save it together with the physiological measures in the database. These confirmed data can be used to upgrade the database for the algorithm and/or the rulebase. Furthermore, the system will be trained for an evaluation of an individual user during a learning process.
Users will get a continuous report on their emotional state in the form of a small graphical icon that is continuously displayed on the monitor. The emotion indicator can be enhanced for detailed physiological information and for a detailed description of the evaluated emotion. If the emotion is in the positive range, the system will let the user continue his/her computer work. If it is in the negative range, the system will recommend the user to take actions, such as having a rest for a while to get rid of the negative emotion or even change to a positive emotion. Another possible response of the system would be to offer the user's favorite multimedia content that is selected by the user and stored in the database. During continuous monitoring the user's emotion, the above procedure will be repeated. It is recommended that this system be constructed as a client-server architecture for data communication. A client (PC, PDA, etc.) should have only input and output modes, while a server should do all the processing. Otherwise, the system may run out of capacity during data processing.
The most prevailing factor to be considered in the design of emotional computers is the determination of how accurately human emotion can be assessed and user interfaces designed to react to it. Accuracy may be greatly related, among others, to data measurement and preprocessing of measured data and mathematical models to classify the state of human emotion. Over the past decades, considerable research has been conducted on the robustness of mathematical models for the classification of human emotions. The Fourier model has often been employed to analyze the power spectrum of physiological data (e.g., McFarland et al., 1993) . The recent development of mathematics highlights the importance of modeling systems such as neuronal networks, Chaos and Wavelet analytic procedures that can recognize changes in patterns contained in physiological data. In consideration of the dynamic nature of human emotion, however, it may not be possible to achieve a perfect level of accuracy. Some empirical studies have yielded accuracies that were only a little higher than a pure guess at the task of predicting two-dimensional computer cursor paths and limb movements through brain waves Wolpaw and McFarland, 1994) . Thus, research should be directed to situational and personality contexts within which the mathematical models perform accurately. To ensure that the adaptive behavior of emotional computers based on physiological data truly reflects the subjective state of emotion, models are to be evaluated to minimize false negative and false positive results. The appropriate handling of time lags will also play an important role in this type of research. Time lag refers to the amount of elapsed time for mathematical models to pick up an emotional change. It may be represented as the time interval between occurrence of an emotional changes and its detection by the system. Depending on the characteristics of mathematical models used, some level of time lag may be imperative. This is due to the fact that most models require some training sessions, which leads to a certain period of time delay. For example, neuronal networks require a set of training data in order to tune their mathematical architecture. Slow reactions to the changes of human emotion would result in longer time lags, which in turn would certainly lead to awkward behavior on the part of emotional computers.
The present study should be regarded as explorative. Further studies are required, with larger number of subjects and a refined methodology such as multivariate analysis with repeated measures. Also, systemic model remains to be validated in on-line process for emotional interaction between a user and a computer.
